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Placing fuel reduction trealments acrass enfire landscapes such that impacts assaciated with high-
intensity fire are lessened is a difficult gool ta achieve, largely because of the immense area needing
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methadalogies far sirategic placement of fuel treaiments that more efficiently limit the spread and
severity of fire across forested londscapes. Although these methodologies undoubtedly imprave
managers' ability ta plon and evaluate various landscape fuel treatment scenarios, there is still a
considerable gop between modeling landscape fuel freatments and actually implementing these
treatments “on the ground.” In this article we explore this gap in light of decisions managers make
with regards to the type, intensity, placement/pattern, and size of fuel treatments. Additianally, we

highlight several ritical constraints acting on managers when implementing fuel treatments across
landscapes and offer some suggestions for dealing with these constraints.
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uel reducrion treatments are increas-
F ingly becoming the dominant forest

management activity throughout
western US forests, particularly in forests
that historically burned under frequent,
low- to moderare-severity fire regimes. The
primary objectives of such activities are to
modify wildland fire behavior to minimize
negative impacts on forests (Agee and Skin-
ner 2005), enhance suppression capabilicies
(Agee et al. 2000), improve firefighter safety

{Moghaddas and Craggs 2007}, and help re-
store ecological structure and  function
(McKelvey et al. 1996, Weatherspoon and
Skinner 1996, North et al. 2007). Stand-
scale studies have established the effective-
ness of various fuel crearment alternarives ac
changing the behavior and reducing the im-
pacts of both modeled fires (Fulé et al. 2001,
Fiedler et al. 2004, Stephens and Moghad-
das 2005, Schmidc et al. 2008, Stephens et
al. 2009) and acrual wildland fires (Martin-
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son and Omi 2002, Skinnet er al. 2003,
Ritchie et al. 2007, Sttom and Fulé 2007).
These studies document cradeoffs among
treanment types and provide guidance on de-
signing prescripcions for forest stands. How-
ever, the extensive tracts of relatively ho-
mogenous, fire-excluded forests (Hessburg
et al. 2005) throughout the western Unired
States and the large wildfires that can occur
in these forests (e.g., Rodeo-Chediski, Ari-
zona 2002; Hayman, Colorado 2002; Bis-
cuit, Oregon/California 2002; Murphy com-
plex, Idaho 2007) show the pressing need ro
“scale up” insights gained ar the srand level to
landscapes. However, simply implemenring
fuel rreatments across an enrire landscape is in-
feasible. Lack of infrastrucrure (e.g., work-
force, equipment, and roads), lack of funding,
and management restrictions collectively limit
the amounr of area availahle for trearment,

In response, fire scientists and managers
have conceprually developed and are refin-
ing methods for the strategic placement of
fuel crearments across landscapes (Weather-
spoon and Skinner 1996, Finney 2001,
2004, Scratton 2004, Finney ec al. 2007).

Brandon M. Collins (bmcollins@f fed.us) is currently research forester, US Forest Service, Pacific Southwest Research Station, Davis, CA. Scott L. Stephens
{sstephens@berkeley.edu) is associate professor, fason J. Moghaddas (moghad @berkeley.edu) is staff researcher, and John Battles (jbattles@berkeley.edn) is professor,
Ecosystem Sciences Division, Department of Environmental Science, Policy, and Management, 137 Mulford Hall, University of California, Berkeley, CA 94720-
3114, The Sierra Nevada Adaptive Management Project, a juine effore between US Forest Service Region 5, the US Forest Service Pacific Southwest Research Station,
US Fish and Wildlife Service, California Department of Water Resources, California Department of Fish and Game, the California Department of Forestry and Fire
Protection, the University of California, and the University of Minnesota to investigate the effects of tandscape fuel treatments on Siervan forested ecosystems, funded
this effort. In addition, this project was the source of valuable insight and discussion for several of the topics discussed.

24 Journal of Farestry + January/February 2010



Stand-Level Fuel Treatment Options

Types of fuel reduction treatments in-
clude fire (either prescribed or managed
wildland fire), mechanical (e.g., thinning,
mastication, and chipping), or a combina-
rion of the two. In field-based experiments
Stephens and  Moghaddas {2005,
Schmide et al. (2008), and Stephens et al.
(2009) all found that prescribed fire alone
effectively reduced surface fuels, thus re-
ducing modeled rate of spread, fireline in-
tensity, and flame length under a range of
weather conditons. In addition, these
studies also showed substantial reductions
in ladder fuels in areas rreated with pre-
scribed fre. However, as fire-killed rtrees
fall and contribute to surface fuel pools,
the averall effectiveness in reducing poten-
tial fire behavior is lessened {Skinner 2005,
Keifer er al. 2006). Tt s likely that in dense
fire-excluded stands multiple burns will be
needed to achieve more long-lived effects.
Thinning effectiveness depends on the
type of thinning performed and the subse-
quent treatment of activity fuels (Agee and
Skinner 2005). In fire-excluded forests fuel
reduction prescriptions often aim o both
reduce ladder fuels (increase canopy base
height) and increase crown spacing (reduce
crown bulk density), in combination with
removing activity and surface fucls (e.g.,
piling and burning or broadcast under-
burning; Agee and Skinner 2005), Whole-
tree harvests [3] have also been shown to
effectively reduce modeled fire behavior
(Schmidr et al. 2008, Stephens er al
2009). Dara on tree mortality in thinned
arcas burned by acrual wildfires, which
show greater survivability in areas under-
burned after thinning, serve as real-world
tests on the importance rreating activity fu-
els after thinning (see Raymond and Peter-
son 2005, Ricchie er al, 2007).

The management decision with re-
gard to the intensity of fuel treatments is
driven by the following fire management

The basic idea is that an informed deploy-
ment of treatmene areas, a deployment that
covers only part of the landscape, can mod-
ify fire behavior for the entire landscape.
However, this technique requires the syn-
thesis of spatially explicit data to use process-
based models of fire behavior and spread
(FARSITE, Finney 1998; FlamMap, Finney
2006, Scratton 2006). Recent efforts have
also inregrated a stand-level vegetation

goals: (1) minimize the threat to hu-
man life and property (including en-
hancing firefighter safety), (2) create/
maintain more fire-resilient structure
and ecosystem function, and (3) re-
duce the cost of fire suppression. OF-
ten, the intensity of a fuel rrearment is
manifested as a weather threshold un-
der which the residual stand is ex-
pected to withstand wildfire-caused
change, When the treatment involves
prescribed burning, managers can
choose to modify preseription param-
cters (seasonality, weather conditions
during burning, fuel moisture condi-
tons, and ignition pattern) to achieve
desired effects. More aggressive pre-
scriptions may include the following:
late-season burning, lower relative hu-
midity, lower fuel moisture, and strip
headfire ignition pattern. Conversely,
mare conservarive prescriptions  in-
volve carly season burning, higher rel-
ative humidity, higher fuel moisture,
and a backing or dot ignition pattern.
Aggressive, late-season burns will con-
sume a greater amount of surface and
ladder fuel than a burn implemented
under more conservative, early scason
conditions {Knapp et al, 2005}, result-
ing in stands being morc resistant to
wildland fire under more severe fire
weather conditions. However, more
aggressive prescriptions increase the
risk of a fire escaping and passibly
causing unintended damage o other
resources. The intensity of thinning
meatments is often determined based on
the residual stand strucure desired afrer
rrearments. [his can be expressed in terms
of basal area, tree density, crown spacing,
ladder fuels, and/or canopy cover, One im-
poreant aspect of desired conditions is spa-
tial heterogeneity in forest structure (Ste-
phens and Fulé 2003),

model with the fire spread and behavior
models (ArcFuels, Ager eral. 2006), provid-
ing a more accessible platform for resting
various stand-level treatment alrernatives
(thinning, prescribed burning, or a combi-
nation of the two) across landscapes. Al-
though these models and approaches un-
doubtedly improve managers’ ability to plan
and evaluate various landscape fuel crear-
ment scenarios, there is still a considerable

gap berween modeling landscape fuel treat-
ments and actually implementing these
treatments “on the ground.” In this article
we explore this gap in light of decisions man-
agers make and constraints acting on man-
agers when implementing such acrivities.
We also synthesize some of the cutrent ap-
proaches, along with the requirements for
using these approaches and offer some sug-
gestions for dealing with the conscraints.

Planning/Management
Decisions

When designing landscape fuel treat-
ments managers develop prescriptions to
manipulate individual forest stands so that
not only the treated stands withstand wild-
fland fire under more extreme fire weather
(e.g., 60-80% of overstory trees survive a
fire under 90th percentile fire weather), but
the fire-caused effects over the landscape are
lessened as well. In developing stand-level
prescriptions there are several decisions that
must be made with respect to the rype and
intensiry of the treatment {see side bar). Co-
ordinaring multiple stand-level treatmenrs
across 4 landscape involves making decisions
on size of individual treatment units, the
placement/pattern of che treatments, and
the proportion of the landscape treated.

Size of Individual Treatments

The decision on how large to make in-
dividual treatments at the stand level also
relates to the performance of the treated area
when it encounters wildland fire. The larger
the individual fuel creatment the greater the
potential for tree survival, because of re-
duced edge effect morrality (Ricchie et al.
2007). Furthermore, larger individual treat-
ments have a greater porential to reduce fire
behavior and slow fire spread, which ulti-
mately impacts adjacent untreated stands
and should enhance suppression opportuni-
ries and increase firefghter safery. However,
there are a number of constraints thar limic
the size of individual trearments thar will be
discussed in the following section. In addi-
tion, when planning multiple stand-level
treatments across landscapes there are
tradeoffs berween the size of individual
treacments and the dispersion of treatments
across the landscape.

Treatment Placement

Using computer-based modeling, re-
cenr studies have explored various scenarios
of treatment placement across forested land-
scapes (see Ager et al. 20072, 2007b, Finney
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et al. 2007, Schmidr er al. 2008), Finney et
al. (2007) show that trearmenr locations
based on opumization algorithms (Finney
2004, 2007) more effectively reduce simu-
lated fite growth actoss several landscapes
compared with random location of fuel
treatments. Schmidr et al. (2008) also report
that regular arrangement of treatments out-
performed random arrangement with re-
spect to reducing fire spread and area
burned. Planning fewer, larger individual
treatments across the landscape appears to
be a better strategy when human communiry
ptotection isa primary concern (Schmidr et al.
2008). These larger rreated stands can also be
used as suppression or other fire management
activity anchor points (Omi 1996, Agee et al.
2000, Moghaddas and Craggs 2007).

Treatment Proportions/Rates

Alchough only a few studies have ex-
plicitly modeled landscape fuel treatment ef-
fectiveness at different proportions of
treated area, there are some common find-
ings: (1) although noticeable reductions in
modeled fire size, flame length, and spread
rate across the landscape relative to un-
treated scenarios occurred with 10% of the
landscape treated, the 20% treatment level
appeared to have the most consistent reduc-
tions in modeled fire size and behavior across
multiple landscapes and scenarios (Ager et
al. 2007a, Finney et al. 2007, Schmidrt et al.
2008); (2) increasing the proportion of area
treated generally resulted in furcher reduc-
tions in fire size and behavior, however, the
rate of reduction diminishes more rapidly
beyond 20% of the landscape treated (Ager
etal. 20074, Finney et al. 2007); (3) random
placement of creatments requires substan-
tially greater proportions of the landscape
treated compared with oprimized or regular
treatment placement (Finney et al. 2007,
Schmidr er al. 2008), however, Finney et al.
{2007) note that the relative improvement
of optimized treatment placement breaks
down when larger proportions of the land-
scape (~40-50%) are excluded from treat-
menr because of land-management con-
strainis.

To our knowledge, Finney er al. (2007)
is the only published study thar compares
effecriveness of different trearment rates over
several decades. Their findings indicate thar
trearment rares beyond 2% of the landscape
per year, based on optimized twreatment place-
ment, vielded lictle added benefit. This in-
cludes both the maintenance of previously
treated units and the installation of new treat-

ments throughour the 50-year simulation pe-
tiod. However, Finney et al. (2007) do note
that “higher rates might be desirable in the first
decade followed by later decreases.”

Forest Dynamics

Finally, the dynamic nawre of forest
ecosystems imposes an important temporal
consideration on landscape fuel planning. A
suite of fuel treatments deployed strategi-
cally across the landscape will have a charac-
teristic lifecycle. As the time since treatnent
lengthens, tree growth responses rebuild fuel
load and fuel continuiry (Agee and Skinner
2005, Collins et al. 2009). Thus, as stand-
level treatments marure, the performance at
the landscape level will decline (Vaillant
2008). Therefore, the design of landscape-
level fuel treatments involves a tradeoff be-
tween maximizing the fraction of the land-
scape arca treated at least once ot treating a
limited area tepearedly to maintain treat-
ment effectiveness (Finney et al. 2007).

Constraints

Habitat Preservation

In choosing among the opticns for
type, intensity, size, and placement/pattern
of fuel rrearments across a landscape, there
are often conflicts berween reducing poren-
tial fire behavior and protecting/conserving
other resources. One of the conflicts often
on the forefront is habitat for wildlife species
of concern. In soine cases these species prefer
multistoried stands and/or closed canopies
(e.g., northern spotted owl, Strix occiden-
ralis; Pacific fisher, Martes pennanis; Solis
and Gutiérrez 1990, Spencer et al. 2008).
Although it has been argued thar fire sup-
pression and past harvesting practices have
created much of the habitat thar is being
called “desirable” for species such as the
spotted owl and fisher (see Spies et al. 2006),
the species-specific approach toward manag-
ing forests conrinues to prevail (Swephens
and Ruth 2005). This approach not only
limits the intensity of fuel treatments, buc
the size and locarion of treatments as well, As
a consequence, managers ability to modify
potential fire behavior, especially crown fire
behavior, in forests with prolonged fire ex-
clusion is restricted. Furthermore, regula-
tions on forest management within and
around nesting centers or naral dens (pro-
tecred activity centers [PAC]) and riparian
buffer zones affect the placement and/or
pattern of fuel treatmencs (Figure 1). As
such, the optimal placement of fuel creat-
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mments ro maximize the reduction in fire
spread and intensity across the landscape,
such as the regular pattern described by
Finney (2001), is limited in its applicability.
Additionally, these protected areas are often
highly produetive and contain large amount
of live and dead fuel; likely resulring in exac-
erbated fire behavior creating effects not
only within these protected areas (Spies eral.
2006), bur also in adjacent stands.

Human Communities

Wildland—urban interface (WUI) com-
munities located within a given landscape or
planning area can change the fuel treatment
planning considerably. In most settings where
WUI communities are adjacent to large tracts
of publicly owned forests, placing fuel treat-
ments around the WUT is a high priority. This
not only affects the placement/parttern of firel
treatments across a landscape, buc the harvest
intensity and size of individual treatments. For
example, becanse of exceptional potental
losses from an escaped fire, presctibed fire
treatments in the WUT would likely be smaller
and involve more conservative prescriptions
compared with more remote locations. Air
qualicy concetns influence whether or when a
prescribed burn is conducted. Smoke produc-
tion from prescribed burns is monitored and
regulated by regional air quality distticts, and
these districts need to approve burn plans and
identify days for a prescribed burn to take
place. This can further restrict an already lim-
ited “burn window,” for which weather and
fuel conditions are at a level that will allow for
desired fire spread, intensity, and ecological ef-

fects while minimizing fire escapes.

Regulations and Appeals

A necessary step to successfully imple-
menting any landscape-level fuel reduction
project on federal public lands is for that
project to satisfy the requirements of the Na-
tional Environmental Policy Act of 1969
(NEPA) planning process. With respect to
landscape fuel trearment planning the
INEPA process requires comprehensive eval-
uation of the effects and impacts of various
treatment sceharios, or alrernatives, includ-
ing a no treatment alternarive. This process
can be complered in a reasonable rime frame
for small projects bur has been shown 1o take
several years for landscape-level fuel rreat-
ment projects. Forest managers ate often
limited in time, and some cases expertise,
when conducting these comprebensive eval-
uations. All projects contain a degree of risk
or uncertainty thar can not be reduced or



explained with additional analysis. This is
especially true when attempting to assess cu-
mulative effects of multiple projects across a
planning area. Those opposed to a particular
fuel treatment project can appeal the plan on
the basis of insufficient evaluartion of cither
the alternatives or the associated impacts of
the alternarives (Germain et al. 2001),
which in many cases can never be fully
known until the project is implemented.
When appeals are denied, litigation can en-
sue, significantly delaying or even stopping
fuel treatment projects entirely. The public
can comment on the alternatives proposed.
However, most projects generate few com-
ments from the general public; the majority
of comments received come from engaged
interest groups who either support or oppose
the project. The Healthy Forest Restoration
Act (Healthy Forest Restoration Act
[HERA] 2003) was intended ro streamline
and expedite the planning and review pro-
cess for fuel treacment projects (Stephens
and Ruch 2005). However, it is unclear o
what extent the intended effects of HFRA
have actually heen realized.

Despite the sound conceptual under-
pinning of strategic fuel treatments (Finney
2001), there is uncerrainty regarding effec-
tive implementacion. Specifically, it is un-
clear given current planning and operarional
constraints whether managers could success-
fully treat the amount of area recommended
by fire modeling studies to appreciably mod-
ify fire behavior and effects over large land-
scapes (Finney 2001, Finney er al. 2007).
The constraints on planning and operation
include NEPA planning regulations, costs,
lack of infrastructure (locally available con-
tractors, smallwood processing facilities, and
biomass-based power plants}, and land des-
ignation resteictions. It is also unclear how
landscape-level fuel treatments affect wild-
life and water resources, both positively and
negatively. Although there is general con-
sensus thar reducing fire severity is desired,
there is no quantirarive landscape data show-
ing the positive and negative effects of cthese
treatments on wildlife and water resources.

Funding

Funding is sull another limitation on
landscape fuel treatment planning and im-
plementation. The expected revenue or bud-
get for a given project influences decisions
on the type of fuel treatment that is con-
ducted, as well as the size and placement of
trearment units. For prescribed burning,
costs can vary tremendously depending on

I Protected habitat

[ Limited activity habitat area
B Stream buffer zone

Bl Offbase/deferred

B All other lands

5,000

Meters

Figure 1. An example of area constraints on fuel treatment plonning from the Meadow
Valley area, Plumas National Forest, California, These are the actual land allocation layers
provided by Plumos NF personnel. The protected habitat is for the California spotted owl

(Strix occidentalis occidentalis).

facrors such as treatment size, accessibility of
treatment units, and complexity of tetrain.
In general, the costs per unit area decrease
with increasing unit size because of the fixed
costs of planning, staffing, and acquiring
necessary resources for a prescribed hurn
(Harsough er al. 2008). Given a limired
hudger and relatively high NEPA planning
costs for small burn units (Hartsough et al.
2008), there may be tendencies to plan
fewer, larger prescribed burns and imple-
ment them over a long period. This may re-
sultin fewer dispararte large prescribed burns
being performed than might otherwise be

desired for oprimal reduction of fire spread
and behavior at a landscape level.

The costs/gains of thinnings depend
not only on the size, accessibility, and terrain
of treatment units, bur also on the amount
of merchantable timber harvested and irts
cutrent market value, the amount and mar-
leet value of biomass removed, and the rreat-
ment of activity fuels (Hartsough et al.
2008). In the fire-excluded forests through-
our the western Unired Srares many of the
trees to be removed in fuel reduction opera-
tions are below 15-in. dbh. In some cases the
revenue from harvesting merchantable tim-
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ber can pay for the serviee contracts needed
to remove biomass and treat activity fuels.
However, recently, funding such fuel reduc-
rion activities in Sierra Nevada forests with
revenues generated from removing and sell-
ing merchantable tinber has been called
into question by the US Courr of Appeals
for the Ninth Circuit (Noonan 2008). This
decision on whether fuel rreatments should
be subsidized or can be allowed to pay for
themselves will impacr the extent and rate of
implementation of fuels projects.

Approaches

Given the decisions that must be made
and the constraints on decision space when
planning landscape fuel treatments, manag-
ers attempeing 1o reduce fire spread and ef-
fects across a landscape are ofren charged
with a difficult task. The following subsec-
tions provide both modeling and real-world
approaches that can help in dealing wirh this
complexiry. The ideas presented are targered
toward management of large, contiguous
tracts of forest where mitigation of unchar-
acreristic wildland fire effects is a dominant
management priority. As such, these ideas
may be more applicable to federal land man-
agemenr; however, some principles can be
applied to state and private forests as well.

Modeling

ArcFuels (Ager et al. 2006) allows man-
agers to explore the effects of numerous fuel
treatment alrernatives and scenarios. Because
ArcFuels incorporates the Foresr Vegeration
Simulator (FVS; Dixon 2002) and the Fire
and Fuels Extension (FFE; Reinhardr and
Crooksron 2003), ir can simulare a wide array
of prescribed burning, thinning, and combina-
tion treatments for any number of stands
across a planning landscape. This rool allows
users ro railor simulated rrearment type, inten-
sity, size, and placement/pattern relacively pre-
cisely to address the consrraints imposed for a
given landscape. Additionally, incorporaring
FVS a].lO“’S FUI' modeling [}le IecOVeryJ"deVel-
opment of fotests after trearments. [1]

ArcFuels can use LANDFIRE data
(Landfire 2009) and forest inventory data
(e.g., from Forest Inventory and Analysis
plots), along wich a map of individual forest
srands, as inputs to then develop the specific
files needed to run FARSITE and FlamMap.
One of the main strengths of this rool is to
compare modeled fire behavior and effects
estimares for various alternatives of rhe
“treated” landscape (i.e., after running user-
assigned trearments to stands) to those for

f A t-} ., "l
Conditional N Planned treatments

burn probability A [_IMastication

. 0.83 0 3000 L1Underburn
0 Meters [ Thin

Figure 2. Conditional bum probability estimates for the Last Chance Project, Forest Hill Ranger
District, Tahoe National Forest, California. These estimates were generated for pretrectment (upper)
and modeled postireatment (lawer) kandscapes using FkamMap and are based on 1,000 random
ignifions. The reatments are planned as part of the Siema Nevada Adaptive Management Project.
This project is a collaborative effort between kand managers, researchers, and inferested groups and
is designed to explicitty explore the effects of coordinated landscape fuel treatments.
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the untreated landscape, as well as compare
among rceatment alternarives  (Stratton
2006, Ager et al. 2007a, 2007b, Finney eral.
2007). This would allow for simulating sce-
narios such as placing fuel trearments adja-
cent to protected habitat (e.g., Ager et al.
2007a) or placing fuel treatments wholly
within protected habirat, and then eompar-
ing such scenatios to one with no fuel treat-
ments to examine porental fire behavior and
effects across a given landscape. Similarly,
one could evaluace the impacr of including
or not including various land ownerships in
a landscape fuel treatment planning. This
information on various fuel trearment alter-
natives is suited for the planning process that
is mandated for management of federal and
some state agencies (e.g., NEPA process).
Establishing a substantial reduction in po-
tential fire behavior and effects across a land-
scape for a chosen alternative can serve as
defensible justification for performing fuel
reducrion treatments that may be needed
when plans are questioned.

In addition to providing fire behavior
esumartes, the Minimum Travel Time fea-
rure within FlamMap can yield conditional
butn probability estimates, as well as opri-
mized locarions for fuel trearments. Condi-
tional burn probability estimates involve
simulating a number of randomly ignited
fires across a given landscape and can help
identify areas most likely to burn if large fires
oceur (Finney 2006; Figure 2). The Treat-
ment Optimization Model {TOM) within
FlamMap identifies ateas to treat, such that
fire spread across a landscape (given a user-
defined ignition and wind ditection) is min-
imized (Finney 2004, 2006, 2007). Using
the TOM requires a defined set of postrreat-
ment fuel conditions for all areas where fuel
trecatments are possible, which can help
managets address some of the fuel trearment
placement constraints discussed earliet (c.g.,
not within PACs ot WUI communities) and
yield more realistic and useahle ourputs.
Both of these tools within FlamMap can also
help managers choose stands or areas and
justify their selection for landscape fuel
treatment planning (Figure 2).

The major limitation of the FlamMap
and ArcFuels approaches for aiding manag-
ers in designing landscape fuel treatments,
aside from the inherent model assumptions
and limitations explained by Strarton
(2006), is the expertise not only to gacher
and manipulare the necessary sparial data for
these rools, but o execute the models and
interpret the results. The Srewardship and

Fireshed Assessment process currently un-
derway in US Forest Service Region 5 is ad-
dressing this by btinging this expertise to in-
dividual forests, and even districts, in the
form of interactive workshops that use local
data to generate usable results (Bahro er al.
2007). This approach begins with the iden-
tification of a “problem” fire. The problem
fire is one that has the greacest porential im-
pact on human and natural resources based
on hisrorical weather patterns and terrain.
Often, this fite is an actual wildland fire thar
occutred in cthe past under weather condi-
tions thar rendered supptession actions inef-
fective. Based on the problem fire the
“fireshed” is delineated (25,000-100,000
ac) such thar ir includes areas with similar
fire regimes, fite history, and wildland fire
risk issues (Ager et al. 2006). The fireshed
defines che scale at which fires and fuel treat-
ments are considered and can be viewed as
conceprually analogous to a watershed, Us-
ing the weather conditions, location, size,
and effects of the problem fire, a trearment
pattern is developed such that modeled fire
behavior and andicipated effects are miri-
gated.

Assuming the expertise exists, this mod-
eling framework used to meet immediate
management needs can also be used to in-
form longer-term planning. For example,
ArcFuels could be used to model forest
growth in the future for both treated and
untreated stands across a landscape. Subse-
quent analysis with FlamMap would pro-
vide insight into the lifecyle of landscape-
level fuel treatments [2]. Although much
work remains, these spatially and remporally
explicit fire behavior models represent the
most promising way to assess the longevity
and effectiveness of fuel trearments. Such in-
formation is essential to the development of
a comprehensive, long-term forest manage-
ment br[at(.’gy.

Real World

Quside of the modeling environment
there are management decisions that can ad-
dress some of the previously listed con-
straints. Planning to conducr prescribed fire
treatments across multiple warersheds con-
curtently may be an approach for mitigating
local air quality impacts. This would allow
managers to incrementally irnplemenct treat-
ments over a period of several years by rorat-
ing burning between various planning areas.
This approach would effectively spread smoke
impacts on affected communities our over
time, and limirt the potential for inundating a

pardcular community with heavy smoke. As
for funding constraints, particularly tegarding
fuel ereatments in more remote and inaccessi-
ble areas, prescribed burning and managed
wildland fire may be the most appropriate al-
ternatives (Mills 2006, Collins et al. 2007,
Collins and Stephens 2007). When preseribed
burning in these areas, larger burns may ke
necessary ro use jandscape features as natural
fuel breaks (rocky ridges, rivers, talus slopes,
and more), thus keeping costs of fireline con-
STTuction Io a minimun.

Adaprive resoutce management is still
another approach for managing landscapes
where uncertainty exists in the response of a
particular resource 1o management actions.
It is a transparent process that involves test-
ing, monitoting, and evaluadng applied
strategies and incorporating new knowledge
into management approaches that are based
on scientific findings and the needs of soci-
ety. This process requites long-term com-
mirments from scienrists, stakeholders, and
managers, which ultdimacely leads to more
sound and informed decisionmaking. We
recognize that outputs from adaptive man-
agement ptojects can be subject to changing
economic and policical priorities, and com-
prehensive results can rtake a decade or
longer 1o generate. However, faced with the
uncertainty of narural systems (Millar et al.
2007) and the current scale of fire hazard
throughout the western Unired Scates, it is
one of the few ways to move forward.

Conclusion

The impacts of extensive and severe
fires in drier mid- ro low-elevarion forests are
largely detrimental to the local ecosystem
(Schoennagel eral. 2004, Keane ecal. 2008).
As the occurrence of larger, higher-severity
fires is increasing in some ateas of the west-
ern Unired States (Westerling et al. 2006,
Miller et al. 2009) the need to initigate these
potential impacts is growing. We pointouta
number of challenges facing managers when
attempting to plan and implement coordi-
nated fuel rreatments across forested land-
scapes. These challenges do not make the
task of inanaging landscapes ro prevent
large-scale change from fire impossible; chey
simply mean we have to accept some uncer-
tainty and resulting impetfection in imple-
menting treatments, especially in inidal ef-
The modeling approaches e
summarize provide meaningful compari-
SOns among Ctreatment options/scenatios

fDl’[S.

and can considerably improve the process of
planning coordinated landscape fuel treat-
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ments. However, output from modeling is
inherently subject to a certain number of as-
sumptions and ideas put forth by the mod-
eler and is no substitute for learning from
actual treatments. Implementing landscape
fuel treatments, eveu based on imperfect
knowledge, and improving subsequent ap-
plications, will likely be a betrer alternartive
than the “no-action” alternative that contin-
ues to leave vast areas of foresr susceptible o

high-severity fire (Agee 2002).

Endnotes

[1] It is importanc that users of FVS/FFE evalu-
ate and adjust, where necessary, fuel model
selecrion based on knowledge local to the
study site. If possible, users should calibrace
fuel model sclection with ohserved behavier
and effects of an acrual wildfire wichin or
near the study area. Without such evalua-
rion/adjustment resules outpur from FVS/
FFE can be suspect.

[2] A recent study (Vaillanc 2008) showed the
efficacy of such an approach.

{3] If whele trees are removed, the potential ex-
ists for some cost recovery by chipping small
trees and transporting the chips to bioenergy
plants. Depending on locarion of cogenera-
tion infrastrucrure, as well as the starus of a
particular plants biomass supply, the cost of
chipping and subsequent transport can ex-
ceed thar of generared revenues. It is this
availability of infrastructure that often deter-
mines the feasibility of biomass projects.
However, when considering the alternarive
of treating acrivity fuels either by pile burn-
ing or by broadcast burning, which can be
fairly coscly (Harrsough ec al. 2008), the po-
tential losses associated with bicenergy use
only need to be less than the costs of reating
activity fuels to make such efforts worth-
while.

Literature Cited

AGEE, J.K. 2002. The fallacy of passive manage-
ment: Managing for firesafe forest reserves.
Conserv. Biol Pract. 3(1):18-25.

AGEE, K., B. BaHro, M.A. FinnEY, P.N. Owm1,
D.B. Sapsis, C.N. SKINNER, ].W. van Wac-
TENDONEK, AND C.P. WEATHERSPOON. 2000.
The use of shaded fuelbreaks in landscape fire
management. For. Ecol Manag. 127(1-3):55—
66.

AGEE, J.K., AND C.N. SKINNER. 2005. Basic prin-
ciples of forest fuel reduction creatments. For.
Erol. Manag. 211(1-2):83-96.

AGER, A.A., B, Batro, anp K. BARBER. 2006.
Auromating the Fireshed Assessment Process
with ArcGIS. P. 163-168 in Proc. of conf. on
Fuels management—IHow to measure success,
Andrews, P.L., and B.W. Bucler (eds.). US
For. Serv. RMRS-P-41.

AGER, AA., MLA. FinNgy, B.K. KErNS, AND H.
Marrel. 2007a. Modeling wildfire risk o
norchern spotted owl (Strix occidenralis cau-

rina) habitat in Central Qregon, USA. For.
Erol. Manag. 246(1):45-56.

AGER, AA., A]. McManay, J.J. BARRETT, AND
C.W. McHuGH. 2007b. A simulation study of
thinning and fuel treatments on a wildland-
urhan interface in eastern Oregon, USA.
Landse. Urban Plan. 80(3):292-300,

BaHro, B., K.H. BARBER, J.W, SHERLOCK, AND
D.A. Yasuna. 2007. Stewardship and fireshed
assessment: A process for designing a landscape
fuel creatment strategy. P. 41-54 in Proc. of
conf. on Restoring fire-adapted ecosystems: 20035
National Silvieulrure Workshap, Powers, R.F.
{ed.). US For. Serv. Gen. Tech. Rep. PSW-
GTR-203.

Coiuins, B.M., M. KELLy, J.W. van WAGTEN-
DONK, AND S.L. STEPHENS. 2007, Spatial pat-
terns of large natural fires in Sierra Nevada wil-
derness area. Landsc. Ecol. 22:545-557.

CoLLiNs, B.M., anD S.L. STEPHENS. 2007, Man-
aging natural wildfires in Sierra Nevada wil-
derness areas. Front. Ecol. Environ. 5(10):523—
227,

Cowuns, B.M., [.D. MiLer, A.E. THOBE, M.
KELLY. J.NV. vAN WAGTENDONK, AND S.L. STE-
PHENS. 2009. Interactions among wildland
fires in a long-established Sierra Nevada natu-
ral fire area. Erosysterns 12(1):114-128.

Dixon, G.E. 2002, Esential FVS: A user’s guide to
the Forest Vegeration Stmudaror. US For. Serv,,
Rocky Mtn. Res. Sen. (revised April 2007).
209 p.

FiepLer, C.E., C.E. KeeGan, C.W. WoODALL,
AND T.A. MORGAN. 2004. A strategic assessment
of crown fire hazard in Montana: Potential effec-
tveness and costs of bazard reduction treaments.
US For. Serv., Pacihc Northwest Res. Stn.,
PNW-GTR-622. 48 p.

FINNEY, MLA. 1998, FARSITE: Fire area simula-
tor—>Model development and evaluation. US
For. Serv., Rocky Mtn. Res. Stn. RMRS-RP-4.
47 p.

FinnEy, M.A. 2001. Design of regular landscape
fuel treatment patterns for modifying fire
growth and behavior. For Sc 47(2):
219-228.

Fmuner, M.A. 2004. Landscape fire simulation
and fuel trearment optimization, P. 117-131
in Methods for integrated modeling of landscape
change, Hayes, J.L., AA. Ager, and J.R. Bar-
bour (eds.}. US For. Serv., Pacific Northwest
Res. Stn., Portland, OR.

Finney, M.A. 2006. An ovetview of FlamMap
modeling capabiliies. P. 213-220 in Proc. of
conf. on Fuels management—~How to measure
suceess, Andrews, P L., and B.W. Burler (eds.).
US For. Serv. RMRS-P41.

Frnivey, M.A. 2007. A computational method for
optimising fuel rtreatment locations. fnr. /.
Wildland Fire 16(6):702-711.

Finner, MA., R.C. SeLa, C.W. McHucH, AA.
AGER, B. BAHRO, aND |.K. AGEE. 2007, Simu-
lation of long-term landscape-level fuel treat-
ment effects on large wildfires. /nt. J. Wildland
Fire 16(6):712-727.

FuLg, P.Z., C.W. McHucH, T.A. HEINLEIN, AND
W, CovingToNn. 2001, Potential fire be-
havior is reduced following forest restoration
treatments. P. 2835 in Proe. of conf on Pon-

30 Journal of Forestry ¢ January/February 2010

derosa pinie ecosystems restoration and eonserva-
tion: Steps towards stewardship, Vance, RK.,
C.B. Edminster, W.W. Covington, and J.A.
Blake (eds.). US For. Serv. RMRS-22.

GErMaN, R.H., D.W, FLoYD, AND S.V. STEH-
MAN. 2001. Public percepuions of the USDA
Forest Service public participation process.
For, Policy Econ. 3(3-4):113-124.

HarTsoucH, B.R., S. Arams, R.J. BARBOUR,
E.S. Drews, .ID. McIveR, J.J. MOGHADDAS,
D.W. ScHwilk, anp S.L. STEPHENS. 2008.
The economics of alternative fuel reduction
treatments in western United Stares dry for-
ests: Financial and policy implications from
the Narional Fire and Fire Surrogate Srudy.
For. Policy Evon. 10:344-354.

HEalTHY Forest Restoration AcT (HFRA).
2003. Healthy Forest Restoration Ace (HR
1904]. Public Law 108-148.

Hesssurg, P.E., J.K. Acke, anDp J.F. 2005.
Franklin. Dry forests and wildland fires of the
inland Northwest USA: Contrasting the land-
scape ecology of the pre-settdlement and mo-
dem eras. For. Ecol Manag 211(1-2):
117-139.

Keank, R.E., LK. Aceg, P.Z. FuLE, J.E. KEELEY,
C.H. KEy, 5.G. KITCHEN, R. MILLER, AND L.A.
SCHULTE. 2008. Ecological effects of large fires
on US landscapes: Benefit or catastrophe. /nt.
/. Wildland Fire 17(6):696-712.

KEeIFER, M., J.W, vaN WACTENDONK, AND M.
BuHLER. 2006. Long-term surface fuel accu-
mulation in burned and unburned mixed-co-
nifer forests of the central and southern Sierra
Nevada, CA (USA). Fire Ecol 2:53-72.

Kwnare, E.E., .LE. KEELEY, E.A. BALLENGER, AND
T.J. BRENNAN. 2005. Fuel reduction and
coarse woody debris dynamics with early sea-
son and late season prescribed fire in a Sierra
Nevada mixed conifer forest. For. Ecol. Manag.
208(1-3):383-397,

Lanprre. 2009, Landscape fire and resource
management planning tools project, Availahle
online at www.landfirc.gov; last accessed Oct.
15, 2009.

MarTinsON, E.J., AND P.N. Omt. 2002, Perfor-
mance of fuel treatments subjected o wild-
fires. P. 7-13 in Proc. of conf on Fire, fuel treat-
ments, and ecological restoration, Omi, P.N.,
and L.A. Joyce (eds.). US Fot. Serv. RMRS-P-
25,

McKrrvEy, K.5., CN. SkiNnER, C. CHANG,
D.C. Erman, S.]. Husart, D.J. Parsons, J.W.
VAN WAGTENDONK, AND C.P. WEATHER-
SPOON. 1996. An overview of fire in rhe Sierra
Nevada. P. 1033-1040 in Sierra Nevada Eeo-
system Project: Final Report to Congress, Vol, I:
Assessments and scientifie basts for managenient
aptions. Wildland Resource Center Rep. 37,
Univ. of California, Davis, CA.

Miiar, C.1, N.L. STEPHENSON, AND S.L. STE-
PHENS. 2007. Climare change and forests of the
future: Managing in the face of uncertaingy.
Ecol. Applic. 17:2145-2151.

MILLER, ].[D., H.D. SAFFORD, M. CRIMMINS, AND
A.E. THODE. 2009. Quantitative evidence for
increasing forest fire severity in the Sierra Ne-
vada and southern Cascade Mounrains, Cali-



fornia and Nevada, USA. Erosystems
12(1):16-32.

Miits, D.P. 2006. Wildlaad fire use success sto-
ries. Fire Manag. Today 66(4):16-19.

MoGHADDAS, J.J., aND L. Craces. 2007, A fuel
creatment reduces fire severity and increases
suppression efficiency in a mixed conifer for-
est. fat. [, Wildland Fire 16:673—678.

Noonaw, ].T. 2008, ULS. Court of Appeals for the
Ninth Circuir, Opinion on Sierra Forest Legacy
v. Rey. No. 07-16892.

NORTH, M., J. INnEs, anD H. ZarD. 2007. Com-
parison of thinning and prescribed fire restora-
tion treatments to Sierran mixed-conifer his-
roric conditions Can. [, For. Res. 37(2):331-
342,

Omi, P.N. 1996, The role of fuelbreaks. P.
89-96G in Prac. of conf on | 7th Forest vegetation
management conference, Cooper, 8.1, (comp.).
University of California, Shasta County Coop-
erative Extension, Redding, CA.

Ravvonp, C.L., anp D.L. PETERSON. 2005. Fuel
treatments alter the effects of wildfire in a
mixed-evergreen forest, Oregon, USA. Can. /.
For. Res. 35(12):2981-2995.

REmHARDT, E., anp N.L. CroOKSTON. 2003.
The fire and fuels extension to the Forest Vegeta-
tion Simulator. US For. Serv., Rocky Min, Res.
Stn. RMRS-GTR-116. 209 p.

Ritceie, M.W., C.N. SKINNER, axD T A. HaMm-
ILTON. 2007. Probability of tree survival after
wildfire in an interior pine forest of northern
California: Effects of thinning and prescribed
fire. For. Erol. Manag. 247(1-3):200-208.

ScHMIDT, D.A., A.H. Tavior, aND C. N, SKIN-
NER. The influence of fuels treatment and
landscape arrangement on simulared fire be-
havior, Southern Cascade range, California.
For. Eeol Manag. 255(8-9):3170-3184,
2008.

ScuoennaGil, T., T.T. Veslin, anp W.H.
RoMME. 2004. The interaction of fre, fuels.
and climare across Rocky Mountain forests.
Bioscience 54(7):661-676.

Skinngr, C.N. 2005, Reintroducing fire into the
Blacks Mountain Research Narural Area: Ef-
fects on fire hazard. P. 245-257 in Proc. afconf.
on symp. on Ponderosa pine: Issues, trends, and
MARAGEMENL, Ricchie, MW., D.A. Maguire,
and A. Youngblood (eds.). US For. Serv. Gen.
Tech. Rep. PSW-GTR-198.

SxinNER, C.N., MW, RitcHie, T. HAMILTON,
AND ]. Symons, 2004, Effects of prescribed fire
and thinning on wildfire severity: The Cone
Fire, Blacks Mountain Experimental Forest. P.
80-91 in Proc. of conf uvm 25th Vegetation
Management Conf., Cooper, S. (ed.). Cooper,
S.L. {comp.}. University of California, Shasta
County Cooperative Extension, Redding, CA.

Sous, D.M., anp R.J. GUTIERREZ. 1990. Snm-
mer habitar ecology of the Northern Sporred

Owls in northwestern California. Condor
92(3):739-748.
SeemcErR, W.ID,, H.L. Rusmican, R.M.

SCHELLER, A. SYPHARD, ]. STRITTHOLD, AND B.
WarD. 2008. Baseline evaluation of fisher hab-
itat and population status, and effects of fires and
Sfuels management on fishers in the southern Si-
erra Nevada. Unpubl. Rep. prepared hy Con-
servation Biology Institure for US For. Serv.,
Pacific Southwest Region.133 p.

Seies, T.A., M.A. HEMSTROM, A. YOUNGBLOOD,
anp 5. HummEiL 2006. Conserving old-
growth forest diversity in disturbance-prone
landscapes. Conserv. Biol 20(2):351-362.

StepHENS, S.L., AND P.Z. FULE. 2005. Western
pine forests with continuing frequenc fire re-
gimes: Possible reference sites for manage-
ment. J. For. 103(7):357-362.

StepHENS, S.L., AND ].J. MocHADDAS. Experi-
mental fuel treatment impacts on forest struc-

wure, potential fire behavior, and predicred tree
mortality in a California mixed conifer forest.
For. Ecol. Manag. 215(1-3):21-36.

STEPHENS, S.L., AND LW, Ruti. 2005. Federal
forest-fire policy in the Unired States. £rcol. Ap-
plic. 15(2):532-542.

SterHENS, S.L., J.J. MogHaDDas, C. EDIMIN-
s1iR, C.E. FIEDLER, S. Hasse, M. Hagr-
rRINGTON, J.E. KeeLey, E.E. Kwaprp, ].D.
Mclver, K. METLEN, C.N. SKINNER, AND A.
YOUNGBLOOD. 2009. Fire trearment effects on
vegetation structure, fuels, and potental fire
severity in western U.S. forests. Ecol. Applic.
19(2):305-320.

StraTrON, R.D. 2004. Assessing the effectivness
oflandscape fuel treatments on fire growth and
bechavior. /. For. 102:32-40,

StraTTON, R.D. 2006. Guidance on spatial wild-
land fire analysis: Models, tools, and tech-
niques. US For. Serv., Rocky Mm. Res. Stmn.,
RMRS-GTR-183. 15 p.

STROM, B.A., aND P.Z. FuLE. 2007. Pre-wildfire
fuel crearments affect long-term ponderosa
pine forest dynamics. {nr. [ Wildland Fire
16(1):128-138.

VaILLANT, N.M. 2008. Sageben Experimental
Farest past, present, and future: An evaluation of
the fireshed assessment pracess. Dissertation,
Univ. of California, Berkeley, CA. 172 p.

WEATHERSPOON, C.P., aND C. N, SKINNER. 1996.
Landscape-level strategies for forest fuel man-
agement. P. 1471-1492 in Sierra Nevada Eco-
system Project: Final Report to Congress, Vol. II:
Assessments and sctentific basis for management
oprions. Wildland Resource Cenrter Rep. 37,
Univ. of California, Davis, CA.

WESTERLING, A.L., H.G. HibalGo, D.R. Cayan,
ARND T.W, SwETNAM, 2006, Warming and ear-
lier spring increase western US forest wildfire

activity. Scfence 313(5789%:940-943.

Journal of Forestry » January/February 2010 3



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

